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TURBOMACHINE STATOR SECTOR
HAVING FLEXIBLE REGIONS SUBJECTED
TO HIGH STRESS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s the U.S. national phase entry under 35
U.S.C. § 371 of International Application No. PCT/FR2020/
0500477, filed on Jan. 14, 2020, which claims priority to
French Patent Application No. 1900872, filed on Jan. 30,
2019.

BACKGROUND OF THE INVENTION

The present mmvention relates to the general field of
straighteners for the compressor of an aeronautical turboma-
chine such as an airplane turbojet or a turboprop.

A turbomachine compressor 1s composed of several com-
pression stages, each formed from an annular row of vanes
mounted on a rotor shait and by a straightener formed by a
plurality of vanes mounted radially on an annular external
casing of the turbomachine.

A compressor straightener 1s generally sectored, 1.e. con-
stituted of several angular sectors set end to end circumier-
entially around the longitudinal axis of the compressor.
More precisely, as illustrated in FIG. 1, each straightener
sector 10 includes an internal shroud 11 and an external
shroud 12 arranged coaxially one inside the other, and
several vanes or vanes 13 extending radially between the
shrouds and connected to them by their respective radial
ends 13a and 1356. Moreover, at each of its axial ends, the
external shroud 12 of each straightener sector 10 includes
respectively protruding tabs 121 and 122 for assembling the
sector to the external casing of the turbomachine.

In operation, a straightener sector of this type 1s subjected
to numerous mechanical loads, both static and vibrational. In
particular, strong vibrational responses are observed on the
straightener sectors, the latter possibly causing sector dam-
age over time (cracks, ruptures, etc.). These mechanical
loads are essentially supported at the junction zones between
the leading and trailing edges of the vanes and the internal
and external shrouds corresponding to the zones 7, Z,, 7,
and 7, shown in FIG. 2. In fact, these junction zones
correspond to a sudden change of material volume between
the massive parts and the thin parts in the sector. This
induces stiflness at the junction zones which then become
zones ol strong mechanical stresses which can lead to
damage, even destruction of the straightener sector.

One solution for reducing mechanical stresses at the
junctions between the leading and trailing edges of the vanes
and the external shroud of a straightener sector 1s described
in document US2007172349. The solution mentioned in this
document 1s not, however, completely satisfactory. In par-
ticular, as regards vibration, this solution does not contribute
suilicient damping at the junction zones between the leading
and trailing edges of the vanes and the internal and external

shrouds.

OBJECT AND SUMMARY OF THE INVENTION

The present invention therefore has as its main object to
remedy disadvantages of this type by proposing a turbine
stator sector comprising a plurality of vanes extending along
a radial direction between a first end and a second end and
along an axial direction between a leading edge and a
tralling edge, said sector further comprising an internal
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2

shroud linked to the first end of the vanes and an external
shroud linked to the second end of the vanes, characterized
in that it comprises at least one annular portion forming all
or part of the internal shroud or of the external shroud, said
at least one annular portion comprising a first partition
present at the junction with the first or second end of the
vanes and a second partition held spaced from the first
partition along a radial direction by a three-dimensional
structure including a plurality of cutouts.

By contributing additional flexibility, the annular portion
allows significantly improving the mechanical strength of
the stator sector at the junctions between the ends of the
vanes and the internal and external shrouds. Large static and
dynamic stresses are thus better compensated and/or
absorbed 1n these junction zones where the stresses are large.

The annular portion(s) can form all or part of the internal
shroud or of the external shroud along the axial direction
and/or along the circumierential direction of the turbine
stator sector.

According to one particular feature of the stator sector of
the mnvention, the first partition has a thickness of less than
1 mm. Greater tlexibility at the junction with the first or the
second end of the vanes 1s thereby conferred.

According to another particular feature of the stator sector
of the invention, the three-dimensional structure consists of
an array ol crosspieces or of cavities.

According to another particular feature of the stator sector
of the invention, the downstream end of the external shroud
1s formed by an annular portion, the first partition of the
annular portion being linked to the second end of the vanes
at the trailing edge of said vanes.

According to another particular feature of the stator sector
of the invention, the internal shroud is entirely formed by an
annular portion, the first partition of the annular portion
being linked to the first end of the vanes.

The mvention also relates to a turbomachine stator and
particularly a turbomachine straightener, formed of a plu-
rality of sectors as previously defined, the stator or straight-
ener forming part of a turbomachine compressor.

The mvention also relates to a turbomachine equipped
with a compressor according to the invention.

The invention also has as 1ts object a method for manu-
facturing a turbomachine stator sector comprising the pro-
duction of a plurality of vanes extending along a radial
direction between a first end and a second end and along an
axial direction between a leading edge and a trailing edge,
ol an internal shroud linked to the first end of the vanes and
of an external shroud linked to the second end of the vanes,
characterized in that the method further comprises the
production by additive manufacturing of at least one annular
portion over all or part of at least the internal shroud or the
external shroud along the axial direction, said at least [one]
annular portion comprising a first partition present at the
junction with the first or second end of the vanes, a second
partition held spaced from the first partition along the radial
direction by a three-dimensional structure including a plu-
rality of cutouts.

According to a particular feature of the method of the
invention, the first partition has a thickness of less than 1
mm.

According to another particular feature of the method of
the invention, the three-dimensional structure consists of a
network of crosspieces or of cavities.

According to another particular feature of the method of
the invention, an annular portion 1s formed at the down-
stream end of the external shroud, the first partition of the
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annular portion being linked to the second end of the vanes
at the trailing edge of said vanes.

According to another particular feature of the method of
the mvention, an annular portion 1s formed over the entire

internal shroud, the first partition of the annular portion
being linked to the first end of the vanes.

BRIEF DESCRIPTION OF THE

DRAWINGS

Other features and advantages of the present invention
will be revealed by the description given below, with ref-
erence to the appended drawings which 1llustrate embodi-
ments of 1t without any limiting character. In the figures:

FIG. 1 1s a schematic perspective view of a straightener
sector according to the prior art;

FIG. 2 15 a side view of the straightener sector of FIG. 1;

FIGS. 3 and 4 are schematic perspective views of a
turbine stator sector in conformity with one embodiment of
the invention;

FIG. 5 1s a
3 and 4;
FIGS. 6 and 7 are schematic perspective views ol a

turbine stator sector in conformity with another embodiment
of the invention;

FIG. 8 1s a side view of the straightener sector of FIGS.
6 and 7.

side view of the straightener sector of FIGS.

DETAILED DESCRIPTION OF

EMBODIMENTS

FIGS. 3, 4 and 5 illustrate a turbine stator sector 100 1n
conformity with one embodiment of the invention. The
stator sector 100 which 1s intended here to form a part of a
high-pressure straightener in a turbine comprises a plurality
of vanes or of vanes 110 extending along a radial direction
DR between a first end 110a and a second end 11056 and
along an axial direction DA between a leading edge 111 and

a trailing edge 112. The sector 100 further comprises an
internal shroud 120 linked to the first end 110a of the vanes

110 and an external shroud 130 linked to the second end
1105 of the vanes 110. The external shroud 130 includes
protruding tabs 131 and 132 oflset along the axial direction
DA for the assembly of the sector to an external turbine
casing.

In conformity with the invention, the stator sector 100
comprises an annular portion 140 forming here the down-
stream edge of the external shroud 130 along the axial
direction DA located at the junction with the trailing edges
112 of the vanes 110. The annular portion 140 extends 1n the
axial direction DA over a length D, ,, less than the total
width of the external shroud 130 (FIGS. 3 and 3) and over
the entire circumierential length L, 5, of the external shroud
130 (FIG. 4). The annular portion 140 includes a first
partition 141 present at the junction with the second end
1105 of the vanes 110 towards the trailing edge 112 and a
second partition 142 held spaced from the first partition 141
along the radial direction DR by a three-dimensional struc-
ture 143 including a plurality of cutouts 1430 (FIG. 5). In the
example described here, the three-dimensional structure 142
consists of an array of crosspieces 1431 defining between
them the cutouts 1430. What 1s meant here by “held spaced”
1s that the three-dimensional structure 1s 1n contact with the
first and second partitions and constitutes the element which
links these two partitions while maintaining a space between
them.

The first partition 141, which 1s located at the junction
zone 7., between the tralhng edges 112 of the vanes 110 and

the external shroud 130 (FIG. 5), has a small thickness F
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in order to contribute flexibility 1n this stress zone. The first
partition 141 preferably has a thickness of less than 1 mm,
more preferably a thickness of approximately 0.2 mm. Due
to 1ts geometry, the three-dimensional structure 143 also
contributes additional flexibility in the junction zone Z ;.

By contributing additional flexibility, the portion 140
allows significantly improving the mechanical strength of
the stator sector 100 at 1ts junction between the trailing edges
112 of the vanes 110 and the external shroud 130. The high
static and dynamic stresses are thus better compensated
and/or absorbed in this junction zone where the stresses are
high.

An annular portion (not shown 1 FIGS. 3 to 5) similar to
the annular portion 140 already described, can also be used
to form the upstream edge of the external shroud 130 along
the axial direction DA located at the junction with the
leading edge 111 of the vanes 110. Depending on the
sensitive zones 1dentified, the external shroud of each stator
sector can be equipped with an annular portion at its
upstream or downstream edge, or with two annular portion
forming respectively the upstream edge and the downstream
edge of the external shroud.

FIGS. 6 to 8 illustrate another embodiment of a stator
sector of the mvention which differs from the stator 100
described above in that an annular flexibility portion 1s
present on the internal shroud of the sector.

More precisely, the stator sector 200 which 1s 1intended
here to form a part of a high-pressure straightener in a
turbine comprises a plurality of vanes or of vanes 210
extending along a radial direction DR between a first end
210a and a second end 2105 and along an axial direction DA
between a leading edge 211 and a trailing edge 212. The
sector 200 further comprises an internal shroud 220 linked
to the first end 210a of the vanes 210 and an external shroud
230 linked to the second end 2106 of the vanes 210. The
external shroud 230 includes protruding tabs 231 and 232
oflset along the axial direction DA for the assembly of the
sector to an external turbine casing.

In conformity with the mvention, the stator sector 200
comprises an annular portion 240 forming here the entire
internal shroud 220. The annular portion 240 extends along
the axial direction DA over a width D,,, corresponding to
the total width of the internal shroud 230 (FIGS. 6 and 8) and
over the entire circumierential length L,,, of the internal
shroud 220 (FIG. 4). The annular portion 240 includes a first
partition 241 present at the junction with the second end
21056 of the vanes 210 and a second partition 242 held
spaced from the first partition 241 along the radial direction
DR by a three-dimensional structure 243 including a plu-
rality of cutouts 2430 (FIG. 8). In the example described
here, the three-dimensional structure 242 consists of an array
of crosspieces 2431 defiming between them the cutouts 2430.

The first partition 241, which 1s located both at the
junction zone 7, between the leading edges 211 of the
vanes 210 and the internal shroud 220 and at the junction
zone 7. , between the trailing edges 212 of the vanes 210 and
the 1nternal shroud 220 (FIG. 8), has a small thickness E,_,
in order to contribute flexibility 1n these stress zones. The
first partition 241 preferably presents a thickness of less than
1 mm, more preferably a thickness of approximately 0.2
mm. Due to its geometry, the three-dimensional structure
243 also contributes additional flexibility at the junction
zones 7. ,, and 7. ..

By contributing additional flexibility, the portion 240
allows significantly improving the mechanical strength of
the stator sector 200 at its junction between the leading 211
and trailing 212 edges of the vanes 110, on the one hand, and
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the internal shroud 220, on the other hand. The high static
and dynamic stresses are thus better compensated and/or
absorbed 1n these junction zones where the stresses are high.

Moreover, 1n addition to an 1nternal shroud formed by an
annular portion like the portion 240, and depending on the
sensitive zones 1dentified, the external shroud of each stator
sector can be equipped with an annular portion similar to the
annular portion 140 previously described at its upstream or
downstream edge, or with two annular portions forming
respectively the upstream edge and the downstream edge of
the external shroud.

The annular portion(s) of the mvention can form all or
part of the internal shroud or of the external shroud along the
axial direction and/or along the circumierential direction of
a stator sector.

The annular portion(s) of the invention are produced by
additive manufacturing. In fact, the production of partitions
having a thickness less than 1 mm at the junctions with the
leading and/or trailing edges of the vanes like the partitions
141 and 241 described above by conventional machining
techniques has proven diflicult to master. In fact, due to
manufacturing tolerances linked to machining the thickness
of these partitions can in the end be too great to confer the
necessary tlexibility 1n the zones 1n question or too thin, on
the other hand, to provide good mechanical strength (defor-
mation, plasticizing, etc.) to the sector. Additive manufac-
turing offers greater dimensional accuracy, which allows
good control of the thickness of the partitions over all the
annular portions. Additive manufacturing can be used to
produce only the annular portions on the other parts of a
stator sector which are produced with conventional tech-
niques such as machining, or to produce the entire stator
sector. For additive manufacturing, 1t 1s possible in particular
to use the laser fusion additive manufacturing method on a
powder bed.

Moreover, 1n the examples described above, the three
dimensional structure of the annular portions consists of an
array of crosspieces. However, the three-dimensional struc-
ture can have other geometries than crosspieces. Any three-
dimensional geometry allowing the contribution of
mechanical flexibility can be contemplated. For example,
the dimensional structure can have an array of cavities in
place of an array of crosspieces.

In addition to contributing additional flexibility, the three
dimensional structure allows, due to 1ts array ol cutouts,
advantageously reducing the stress gradients created
between the annular portion(s) and the vanes during the
construction of the part by additive manufacturing. In fact,
though attenuated by heat treatment, the gradients induced
by the proximity of the thin parts to the massive parts are
harmiul for the mechanical strength of the part because they
are located 1n highly loaded zones.

In the present invention, the ring sector 1s produced 1n a
single piece, which signifies that all the elements constitut-
ing a stator sector according to the invention are integral. In
other words, the stator sector according to the invention
comprises vanes integral with an internal shroud and with an
external shroud, the annular portion(s) forming all or part of
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the internal shroud and/or the external shroud being in a
single piece with the shroud in question.

The mvention claimed 1s:

1. A turbine stator sector comprising a plurality of vanes
extending along a radial direction between a first end and a
second end and along an axial direction between a leading
edge and a trailing edge, said sector further comprising an
internal shroud linked to the first end of the plurality of
vanes and an external shroud linked to the second end of the
plurality of vanes,

wherein the turbine stator sector comprises at least one

annular portion forming all or part of the internal
shroud or of the external shroud, said at least one
annular portion comprising a {irst partition at a junction
with the first or second end of the plurality of vanes and
a second partition held spaced from the first partition
along the radial direction by a three dimensional struc-
ture, wherein the internal shroud includes a fore end
and an aft end, wherein the three dimensional structure
of the external shroud extends past the aft end of the
internal shroud, wherein the at least one annular portion
of the external shroud extends past a terminal end of
one or more protruding tabs along the axial direction,
wherein the three dimensional structure includes a
plurality of cutouts, and wherein vanes of the plurality
of vanes are integral with the internal shroud and with
the external shroud, and the at least one annular portion
being 1n a single piece with the internal shroud or the
external shroud.

2. The stator sector according to claim 1, wherein the first
partition has a thickness of less than 1 mm.

3. The stator sector according to claim 1, wherein the
three-dimensional structure consists of an array of cross-
pieces or of cavities.

4. The sector according to claim 1, wherein a downstream
end of the external shroud i1s formed by the at least one
annular portion, the first partition of the at least one annular
portion being linked to the second end of the plurality of
vanes at the trailing edge of said plurality of vanes.

5. The sector according to claim 1, wherein the internal
shroud 1s entirely formed by an annular portion, the first
partition of the annular portion being linked to the first end
of the vanes.

6. A turbomachine stator comprising a plurality of turbine
stator sectors according to claim 1.

7. A turbomachine compressor equipped with the turb-
omachine stator according to claim 6.

8. A turbomachine equipped with the turbomachine com-
pressor according to claim 7.

9. The stator sector according to claim 1, wherein the first
partition of the at least one annular portion 1s 1 rigid
connection with the first end or the second end of the
plurality of vanes.

10. The stator sector according to claim 1, wherein the
plurality of vanes are fixed relative to the inner shroud and
external shroud.
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